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ABSTRACT
One of the main goals of monitoring cyanobacteria blooms in aquatic environments is to reveal the 
relationship between cyanobacterial abundance and environmental variables. Studies typically correlate 
data that were simultaneously sampled. However, samplings occur sparsely over time and may not reveal 
the short-term responses of cyanobacterial abundance to environmental changes. In this study, we tested 
the hypothesis that stronger cyanobacteria x environment relationships in monitoring are found when the 
temporal variability of sampling points is incorporated in the statistical analyses. To this end, we investigated 
relationships between cyanobacteria and seven environmental variables that were sampled twice yearly for 
three years across 11 reservoirs, and data from an intensive monitoring in one of these reservoirs. Poor 
correlations were obtained when correlating data simultaneously sampled. In fact, the ‘highly recurrent’ 
role of phosphorus in cyanobacteria blooms is not properly observed in all sampling periods. On the other 
hand, the strongest correlation values for the total phosphorus x cyanobacteria relationship were observed 
when we used the variation of sampling points. We have also shown that environment variables better 
explain cyanobacteria when a time lag is considered. We conclude that, in cyanobacteria monitoring, the 
best approach to reveal determinants of cyanobacteria blooms is to consider environmental variability.
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INTRODUCTION

It is well established that increasing temperatures 
and nutrient concentrations in aquatic habitats 
are causing cyanobacterial blooms (Paerl 
and Huisman 2008, 2009). For this reason, 
cyanobacterial toxin release in freshwater is 
a major environmental issue, causing serious 
concern for sanitation companies (Chorus and 
Bartram 1999). In fact, cyanotoxins may cause 

the death of wildlife, affect livestock and result in 
negative effects to human health (Yoo et al. 1995, 
Azevedo et al. 2002).

Stability of the water column (Huszar 
et al. 2000, Dantas et al. 2011), high nutrient 
concentrations (mainly nitrogen and phosphorus) 
(Bouvy et al. 2000), high temperature (Paerl and 
Huisman 2008, 2009), and high luminosity (Chorus 
and Bartram 1999, Huszar et al. 2000) are the main 
factors that promote cyanobacterial blooms. Such 
evidence for the causes of cyanobacterial growth 
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has been identified mainly in experiments (Paerl et 
al. 1985, Coles and Jones 2000, Aubriot and Bonilla 
2012). Observational studies have also tried to 
relate environmental variables and cyanobacteria 
densities (Havens et al. 1998, Burford et al. 2007, 
Gomes et al. 2012). However, relationships between 
cyanobacteria densities or cyanotoxin concentrations 
with the variables described above are not always 
evident (Wicks and Thiel 1990, Quesada and 
Fernández-Valiente 1996, Vezie et al. 1998).

Observational studies are based mainly on 
simultaneous samplings of cyanobacterial abundance 
and environmental variables (e.g. Dantas et al. 2011, 
Moura et al. 2011, Bittencourt-Oliveira et al. 2012). 
The implicit assumption in these studies is that 
snapshot samples in a certain sampling location are a 
good representation of the environmental conditions 
in this location in comparison to other locations. 
This assumption can be met if samplings occur 
continuously over time, given that cyanobacteria 
respond to short-term environmental variations. 
Another issue that can affect relationships between 
cyanobacteria and environmental variables is the fact 
that cyanobacteria comprise species that may respond 
differently to the environmental variations. For 
instance, picocyanobacteria and large cyanobacterial 
colonies fundamentally have different ecological 
restrictions (Huisman et al. 2005). The presence of 
heterocyst, which determines Nitrogen fixation, is 
observed in only some cyanobacteria (Chorus and 
Bartram 1999). However, cyanobacteria monitoring 
by legal agencies evaluate cyanobacteria as one 
biological group.

Moreover, cyanobacteria monitoring usually 
carries out simultaneous and long-term periodic 
samplings (LTPS) of cyanobacteria and environmental 
variables. For instance, the Environmental Institute 
of the state of Paraná (Brazil) carries out samplings 
of cyanobacterial abundance and environmental 
variables, only twice a year in reservoirs for water 
supply and hydroelectricity generation, with the 
main goal of monitoring cyanobacteria blooms 

and environmental variations (IAP 2009). Periodic 
samplings may not reveal the cyanobacterial 
responses to environmental variables, and corre
lating such data may not be the best strategy to 
investigate relationships between cyanobacteria 
and environmental variables. We argue this 
given that cyanobacteria may respond rapidly to 
environmental variations.

A better alternative for LTPS may be to 
represent how environmental variables vary over 
time across sampling points. To our knowledge, 
there have been no studies relating environmental 
and cyanobacterial variability. Here, we aimed to 
investigate the relationship between cyanobacteria 
and environmental variables, with the hypothesis 
that stronger relationships are found when the 
variability of sampling points is used as the 
sampling unit in statistical analyses, instead of raw 
long-term periodic sampling values. We dug further 
into the reasons why LTPS may not be a good 
strategy to correlate cyanobacterial abundance 
and environmental variables by investigating 
correlations with environmental variables sampled 
at the same time, and sampled days before 
cyanobacterial survey.

MATERIALS AND METHODS

We investigated the relationship between cyano
bacteria and environmental variables using data 
sampled in 11 reservoirs that are used for water 
supply and hydroelectricity generation in the state of 
Paraná, Brazil (Table I). These reservoirs vary on the 
level of degradation (Andreoli and Carneiro 2005), 
resulting in persistent toxic cyanobacterial blooms 
in “Irai” and “Alagados” reservoirs (Fernandes et 
al. 2005, 2011, IAP 2009). Data were provided by 
the program “Monitoring of water quality in the 
reservoirs of the state of Paraná” coordinated by the 
Paraná State Environmental Institute (IAP 2009) and 
by “SANEPAR” (The Sanitation Company of the 
state of Paraná, Brazil). Samples in the 11 reservoirs 
were taken approximately twice a year (such as in 
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LTPS) between 2005 and 2008 (hereafter referred to 
as “IAP sampling”). In 2008, some reservoirs were 
not sampled twice, so the number of samplings vary 
by reservoir (Table I). In addition, the “Alagados” 
reservoir was monitored from 2008 to 2014 in a 
higher frequency than the other reservoirs, when 
cyanobacterial abundance reached 20,000 cell.ml-1 
(hereafter referred to as “Alagados sampling”). In this 
reservoir, environmental variables were measured 
once a month and cyanobacteria was sampled weekly.

We used three approaches to correlate environ
mental variables and abundance of cyanobacteria in 
IAP sampling. First, we used data from simultaneous 
samplings of cyanobacteria and environmental 
variables, hereafter referred to as the simultaneous 
approach (SA). As for the approaches described 
below, the reservoir was used as the sampling unit 
in correlation analyses (N = 11). Given that we have 
several sampling periods for each reservoir (up to 
nine, see Table I), we calculated SA correlations for 
each sampling period in which all reservoirs were 
sampled (six samples during summer and winter 
from 2005 to 2008, Table I). Then we considered 
the mean correlation across all these temporal 
samples as the estimate of the relationship between 
cyanobacteria and environmental variables when 
they were simultaneously sampled.

Second, we used the temporal average of 
variables for each reservoir as values in the 
correlation analyses (N = 11), hereafter called the 
mean approach (MA). We believe that the mean 
value of each reservoir over sampling periods is 
a better representation of how the habitat in one 
location compares to another, and possibly how 
environmental processes explain cyanobacterial 
abundance. It could also be understood as a metric 
that captures the temporal variability of the reservoir 
as it relates the mean values over a time spam.

Third, we used the temporal variance of envi
ronmental variables and cyanobacterial abundance 
for each reservoir in the correlation analyses (N = 
11), hereafter referred to as the variability approach 
(VA). We used this metric to represent how each 
sampling point varies over time. The interpretation 
of correlations in VA is different from SA and MA: 
a strong correlation in VA means that reservoirs 
with high environmental variations also have high 
variations in cyanobacterial abundance. In this case, 
a possible prediction is related to the cyanobacterial 
variability (not to the amount of cyanobacteria) 
explained by the variability of ecological processes. 
In SA and MA, in contrast, a strong correlation 

Reservoir Latitude Longitude Number of 
samples

Alagados 25°01'05"S 50°03'39"W 7
Capivari 25°08'31"S 48°51'60"W 7

Guaricana 25°43'35"S 48°56'57"W 6
Iraí 25°25'31"S 49°07'07"W 9

Itaipu 25°24'26"S 54°34'44"W 7
Passaúna 25°31'45"S 49°23'30"W 7

Piraquara I 25°30'17"S 49°01'40"W 8
Rio Verde 25°31'41"S 49°31'39"W 7

Salto Caxias 25°32'34"S 53°29'40"W 7
Salto Santiago 25°37'39"S 52°36'32"W 7

Vossoroca 25°49'05"S 49°05'11"W 7

TABLE I
Geographic location of reservoirs and number of 

samples taken in each reservoir from 2005 to 2008.

Samples of both cyanobacterial abundance 
(cells.mL-1) and environmental variables were taken 
in the sub-surface, in the lacustrine portion of the 
reservoirs. The environmental variables sampled 
for IAP sampling were: ammonium (NH4

+, mg.L-1), 
chemical oxygen demand (COD, mg.L-1), dissolved 
oxygen (DO, %), nitrate (NO3

-, mg.L-1), nitrite 
(NO2

2-, mg.L-1), transparency (m, using Secchi disk 
depth), and total phosphorus (TP, mg.L-1).

For Alagados, the sampled environmental 
variables were: water column depth (m), water 
temperature (°C), pH, dissolved oxygen (DO, 
mg.L-1), ammonium (NH4

+, mg.L-1), nitrate (NO3
-, 

mg.L-1), nitrite (NO2
2-, mg.L-1), total phosphorus 

(TP, mg.L-1), soluble reactive phosphorus (SRP, 
mg.L-1), turbidity (NTU), conductivity (μS.
cm-1), chemical oxygen demand (COD, mg.L-1) and 
biochemical oxygen demand (BOD, mg.L-1).
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means that reservoirs with high values of a certain 
environmental variable also have high values of 
cyanobacterial abundance. We used variance in VA 
instead of other measures of dispersion because our 
goal was to represent overall dispersion and not a 
dispersion measure that is relative to the mean value 
(e.g. coefficient of variation).

We hypothesized that MA and VA would result 
in stronger cyanobacteria-environment correlations 
when compared to SA. Correlations generated 
by these three approaches can be compared by 
considering the magnitude of the coefficient. 
Usually, studies focus on significance values to 
evaluate if there is or there is not, an association 
between environmental data and cyanobacteria 
(e.g. Oliveira et al. 2014). It is clear that significance 
depends on the sampling effort (McBride 2005), 
and thus we used the same number of sampling 
units (i.e. 11 reservoirs) for all approaches. 
However, the significance of each relationship is 
not important here, since our goal is to reveal the 
stronger cyanobacteria-environment correlations, 
and not the significant ones.

In addition to not representing the ecological 
process affecting cyanobacteria, since algae may 
respond to previous environmental variation, 
the rationale of proposing MA and VA as an 
alternative for SA was also to unravel a common 
misinterpretation regarding ecological data. 
Absolute values of both environmental variables 
and cyanobacterial abundance vary over time in 
most ecosystems (Dantas et al. 2011, Gomes et al. 
2012), highlighting the importance of temporally 
structured ecological processes. However, it 
is unclear how environmental determinism on 
cyanobacteria varies. If SA correlations have a large 
variation - for instance, in some sampling periods the 
correlation is strong, and in others, the correlation 
is weak - it also indicates that simultaneous 
sampling and correlating environmental variables 
and cyanobacteria is not a suitable approach, 
so conclusions will be uncertain. Even though 

the values of MA or VA correlations may be 
within the range of variation of SA correlations, 
these approaches indicate that the variability of 
environmental and cyanobacterial data are related. 
We argue that if the MA and VA correlations are 
higher than the mean SA correlations, then the real 
effect of environmental variables on cyanobacteria 
should consider the temporal variation of raw data, 
and not the variation of correlations.

We used both Pearson and Spearman correla
tions in order to identify whether one was better 
than the other for each approach used (SA, MA or 
VA). A higher Pearson correlation indicates linear 
relationships, and higher Spearman correlation 
may suggest non-linear relationships between 
cyanobacterial abundance and environmental 
variables. We believe that there are other methods 
to relate cyanobacteria and environmental variables, 
however, our goal was to compare correlation 
coefficients commonly used to associate cyanobacteria 
and environmental variables, but only to compare 
strategies of finding predictors of cyanobacteria (i.e. 
the approaches described above).

In the Alagados reservoir, cyanobacterial 
samplings made by the SANEPAR Company were 
intensive. Cyanobacterial abundance was available 
not only for the same sampling periods of environ
mental variables sampling, but also for one week 
after environmental variable sampling. Therefore, 
we correlated environmental variables with 
cyanobacterial abundance sampled simultaneously 
(N = 38 sampling periods spread from 2008 to 
2014) and the same environmental variables with 
cyanobacteria sampled after c. one week (“time 
lag correlations”; N = 36 sampling periods spread 
from 2008 to 2014) in the Alagados reservoir. The 
rationale is that “time lag correlations” will be higher 
than simultaneous correlations, given that algae may 
respond to a previous environmental condition of 
the ecosystem. We used as response variables: both, 
total cyanobacteria abundance and the abundance 
of the most abundant taxa in blooms (in this case, 
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Aphanizomenon sp., Cylindrospermopsis sp., and 
Dolichospermum sp.). All analyses were done in the 
software STATISTICA 7.1 (StatSoft 2005).

RESULTS

IAP SAMPLING

MA was the approach that resulted in the highest 
correlations between cyanobacterial abundance and 
environmental variables (5 out of 7 for Pearson; and 
4 out of 7 for Spearman) (Table II). As expected, 
SA was the worst approach, having the highest 
correlation values only for 1 out of 7 environmental 
variables for both Pearson and Spearman correlations 
(Table II; SA and MA had the highest, and similar 
correlations considering Nitrate).

COD showed the strongest Pearson correlation 
with cyanobacterial abundance in SA (r = 0.65; 
Table II). This was the only SA Pearson correlation 
that was stronger than MA or VA (Table II). For 
Spearman correlations, SA showed the strongest 
correlation for ammonium, although its absolute 
value could be considered weak (ρ = 0.13; Table 
II). On the other hand, correlation values were 
higher in MA than in SA for almost all variables 
(except ammonium, Table II). The highest Pearson 
correlations in MA were for total phosphorus 
and dissolved oxygen; and the highest Spearman 

correlations were for nitrate, transparency and COD. 
Correlations in VA were, in general, also higher 
than in SA (Table II). In VA, strong coefficients 
were found between cyanobacterial abundance and 
dissolved oxygen and total phosphorus by Pearson 
correlation; and nitrate, nitrite, and transparency by 
Spearman correlation (Table II).

We used the mean SA correlation over 
sampling periods to represent the correlation 
according to this approach. In this case, strong 
correlations were found in some sampling 
periods (e.g. r = 0.94 for the Pearson correlation 
with COD), whereas extremely low values were 
recorded for other sampling periods - nearly 
0 for the Pearson correlation with phosphorus 
and Spearman correlation with ammonium (see 
Table II). Relatedly, although strong phosphorus-
cyanobacteria relationships can be found in SA for 
some sampling periods (maximum values: r = 0.77 
or ρ = 0.51, Table III), weak relationships can also 
be found (minimum values: r = 0.05 or ρ = 0.22, 
Table III), resulting in a low mean correlation. 
On the other hand, strong correlations were 
found for almost all variables (including for total 
phosphorus) when MA was used. For VA, a strong 
Pearson correlation between total phosphorus and 
cyanobacteria abundance was also evident.

Pearson r Spearman ρ
Environmental variables SA MA VA SA MA VA
Ammonium (mg.L-1) -0.08 (-0.13/0.68) -0.27 -0.27 0.13 (0.01/0.39) 0.06 -0.09
COD (mg.L-1) 0.65 (0.28/0.94) 0.47 0.24 0.38 (0.07/0.49) 0.61 0.36
Dissolved oxygen (%) -0.36 (0.15/-0.81) -0.66 -0.54 -0.25 (0.16/-0.64) -0.50 -0.33
Nitrate (mg.L-1) -0.36 (-0.27/-0.47) -0.36 -0.19 -0.52 (-0.16/-0.78) -0.64 -0.67
Nitrite (mg.L-1) -0.23 (-0.10/-0.35) -0.39 -0.16 -0.22 (0.12/-0.75) -0.57 -0.66
Transparency (m) -0.48 (-0.32/-0.64) -0.59 -0.32 -0.40 (-0.06/-0.67) -0.66 -0.61
Total phosphorus (mg.L-1) 0.41 (0.05/0.77) 0.71 0.74 0.35 (0.22/0.51) 0.55 0.35

TABLE II
Pearson (r) and Spearman (ρ) correlation coefficients between environmental variables and cyanobacterial 
density (cells mL-1) considering the following approaches (see methods): the simultaneous approach (SA), 
showing mean correlations (weakest/strongest); the mean approach (MA); and the variability approach 

(VA). Six samples were simultaneously carried out in all reservoirs, so SA values are based on the mean for 
six correlations. COD = chemical oxygen demand. The highest correlations for each variable are in bold.
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ALAGADOS SAMPLING

Correlations for data simultaneously sampled 
were only observed between: total cyanobacterial 
abundance and depth, pH and DO; Aphanizomenon 
abundance and temperature, pH, total phosphorus 
and COD; Cylindrospermopsis abundance and 
depth, pH and DO; Dolichospermum abundance 
and temperature (Table III).

In turn, stronger and numerous coefficients 
were observed when using time lag correlations. 
Correlations were found between: total cyanobacterial 
abundance and depth, temperature, pH, nitrate, 

and dissolved oxygen; Aphanizomenon abundance 
and depth, temperature, pH, conductivity, and 
nitrate; Cylindrospermopsis abundance and depth, 
temperature, pH, total phosphorus, nitrate, and 
COD; and Dolichospermum and depth, temperature, 
pH, and total phosphorus (Table III).

DISCUSSION

IAP SAMPLING

The role of phosphorus in cyanobacterial blooms 
is particularly clear. Phosphorus concentrations 
have being considered one of the main drivers 

Total cyanobacteria Aphanizomenon
Pearson Spearman Pearson Spearman

Environmental variable SC TL SC TL SC TL SC TL
Depth (m) 0.04 -0.07 -0.34 -0.41 0.00 -0.07 -0.26 -0.43
Temperature (°C) 0.31 0.39 0.28 0.49 0.34 0.41 0.31 0.49
pH 0.40 0.44 0.40 0.38 0.34 0.43 0.39 0.40
Turbidity (NTU) 0.18 0.17 0.32 -0.14 -0.08 0.07 -0.00 0.03
Conductivity (μS.cm-1) 0.14 0.15 0.11 0.34 -0.22 0.10 -0.20 0.27
Total phosphorus (mg.L-1) 0.07 0.26 -0.19 -0.29 -0.12 0.14 -0.34 -0.21
SRP (mg.L-1) 0.10 -0.08 0.27 -0.19 -0.08 -0.08 -0.12 -0.15
Ammonium (mg.L-1) 0.13 0.24 0.14 0.07 -0.07 0.09 0.02 -0.06
Nitrite (mg.L-1) -0.21 -0.09 -0.19 -0.14 -0.10 -0.00 0.04 0.05
Nitrate (mg.L-1) 0.10 0.30 -0.19 -0.00 0.24 0.49 0.02 0.12
Dissolved oxygen (mg.L-1) 0.41 0.27 0.33 0.12 0.14 0.17 0.06 -0.00
COD (mg.L-1) -0.02 -0.03 0.06 0.27 0.12 0.06 0.32 0.34
BOD (mg.L-1) -0.14 -0.07 -0.08 -0.12 0.01 0.04 0.12 -0.01

Cylindrospermopsis Dolichospermum
Depth (m) 0.03 -0.11 -0.36 -0.39 -0.04 -0.02 -0.24 -0.13
Temperature (°C) 0.23 0.29 0.30 0.45 0.18 0.24 0.48 0.66
pH 0.41 0.38 0.47 0.40 0.21 0.36 0.22 0.29
Turbidity (NTU) 0.20 0.24 0.28 -0.02 0.22 0.31 -0.03 -0.32
Conductivity (μS.cm-1) 0.04 0.06 0.06 0.32 -0.01 0.05 -0.13 0.09
Total phosphorus (mg.L-1) 0.11 0.46 -0.20 -0.19 0.14 0.46 -0.13 -0.16
SRP (mg.L-1) 0.12 -0.05 0.31 -0.11 0.14 -0.01 0.03 -0.18
Ammonium (mg.L-1) -0.00 0.05 -0.01 0.04 -0.03 -0.02 -0.17 -0.21
Nitrite (mg.L-1) -0.27 -0.12 -0.28 -0.16 -0.15 -0.12 -0.18 -0.06
Nitrate (mg.L-1) 0.22 0.51 -0.04 0.06 0.09 0.11 0.13 0.18
Dissolved oxygen (mg.L-1) 0.37 0.30 0.37 0.16 0.11 0.21 -0.08 -0.06
COD (mg.L-1) -0.01 0.08 0.08 0.24 0.04 0.04 0.31 0.45
BOD (mg.L-1) -0.08 -0.05 -0.01 -0.15 0.06 0.01 0.23 0.33

TABLE III
Pearson and Spearman correlation coefficients between environmental variables and cyanobacterial 

density (cell.mL-1) considering the simultaneous correlation (SC) and “time lag” correlation (TL) 
(see methods, highest values are in bold for each comparison). COD = chemical oxygen demand, 

BOD = biochemical oxygen demand, SRP = soluble reactive phosphorus.
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of cyanobacterial growth (Moisander et al. 2003, 
Tanaka et al. 2004, Nausch et al. 2008, Posselt et 
al. 2009, Rangel et al. 2012). We have reached this 
‘highly recurrent’ conclusion mainly by analyzing 
the variability of sampling points (i.e. MA and VA). 
Our results suggest that the influence of abiotic 
variables on cyanobacteria, which is recurrently 
demonstrated in experimental studies, is evidenced 
only if the variation of the environment is represented 
in monitoring studies. Correlating snapshot samples 
in LTPS are clearly insufficient to represent how a 
certain location is compared to others, resulting in 
weak cyanobacteria-environment relationships.

The negative relationships between cyano
bacteria and nitrogen (mainly observed in MA 
and SA) can be explained by the fact that some 
cyanobacteria (Nostocales order) are able to exploit 
molecular nitrogen when sources of inorganic-N 
are depleted (Herrero et al. 2001). In high nitrogen 
concentrations, nostocales cyanobacteria may 
be outcompeted by other algae that use this 
limited nutrient. Among the available nitrogen 
ions, ammonium is an important determinant 
of cyanobacterial growth (Domingues et al. 
2011). However, ammonium showed the weakest 
correlation with cyanobacterial density in the 
studied reservoirs. The low stability of this ion may 
explain the lack of strong relationships. This can also 
explain why the relationship between ammonium 
and cyanobacterial abundance is sometimes positive 
and sometimes negative considering SA.

The negative correlation between cyano
bacterial density and transparency is probably a 
consequence, not a cause, of cyanobacterial growth. 
The reservoirs located in Paraná are typically 
dominated by Microcystis aeruginosa (Kützing) 
Kützing (IAP 2009), which form a scum on the water 
surface, decreasing underwater radiation available 
to other phytoplankton groups. This is an important 
competitive advantage of cyanobacteria. Considering 
the correlations with other environmental variables, 
COD represents the amount of dissolved organic 

matter in the water and has been used as an indicator 
of environmental pollution in many countries (Zhao 
et al. 2004). Relatedly, previous studies have also 
shown that cyanobacteria may vary depending on 
COD concentrations (Wei et al. 2001, Amé et al. 
2003). This was the only variable for which SA 
showed the strongest Pearson correlation among 
the three approaches. Dissolved oxygen can vary 
according to temperature, presence of pollutants, 
photosynthetic activity, and other reasons (Smith 
and Bella 1973). This can also explain the variation 
in correlation values when using SA. Oxygen 
concentrations were positively or negatively 
correlated with cyanobacterial abundance, depending 
on the sampling period.

It is interesting to note that Pearson and 
Spearman correlations may generate different 
outputs. Our focus was not to choose the best analysis 
for each variable considering its distribution. 
Both Pearson and Spearman correlations are 
commonly used to evaluate relationships between 
cyanobacteria and environmental variables (e.g. 
Bouvy et al. 1999, Rinta-Kanto et al. 2009, Leigh 
et al. 2010, Conradie and Barnard 2012, Xie et al. 
2012). Spearman coefficients were stronger for 
some variables and weaker for others, indicating 
that some variables have linear relationships with 
cyanobacteria while others are non-linear.

Furthermore, correlating environmental variables 
and cyanobacteria abundance give us only a clue 
for cyanobacteria determinants, considering that 
a correlation does not mean causality. However, 
numerous experimental studies have demonstrated 
the importance of most environmental variables 
used here as predictors of cyanobacterial growth 
(Paerl et al. 1985, Coles and Jones 2000, Aubriot 
and Bonilla 2012), and conclusions based on 
correlations are commonly used for cyanobacteria 
management (Izydorczyk et al. 2008, Rinta-Kanto 
et al. 2009, Lu et al. 2013). Therefore, identifying 
the best approach to reveal determinants of 
cyanobacteria in LTPS monitoring are crucial.
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ALAGADOS SAMPLING

Compared to correlations using data simultaneously 
sampled, stronger and numerous correlations 
were found in time lag correlations between 
cyanobacterial abundance and environmental 
variables. Particularly, the recurrent relationships 
between cyanobacteria and temperature (Paerl and 
Huisman 2008) and phosphorus (Isvánovics et al. 
2000, Aubriot et al. 2010) were better revealed 
through the time lag correlations. Therefore, our 
results highlight that cyanobacteria abundance is 
promoted by environmental conditions that acted 
previously at the site, and reliable relationships 
(indicating possible causal relations) are revealed 
only using time lag samplings.

Surely, the best strategy to identify cyano
bacterial determinants in observational studies is to 
continuously sample environmental variables and 
cyanobacterial abundance to track for short-term 
responses. However, such strategy is rarely applied 
by monitoring agencies, probably due to logistic and 
financial restrictions. Instead, monitoring studies 
usually carry out periodic snapshot samplings to 
reveal cyanobacteria determinants. We argue that, 
at least for traditional cyanobacteria monitoring, 
the SA for correlating environmental variables 
and cyanobacterial abundance may not reveal the 
determinants of cyanobacteria in reservoirs.

We advocate that investigating the temporal 
variation of sampling points (i.e. MA and VA) 
may provide conclusive answers regarding the 
relationship between environmental variables and 
cyanobacteria. We conclude that environmental 
variables sampled synchronously with cyanobacteria 
are worse predictors of the population density of 
these microalgae than metrics that represent temporal 
variation in habitats in long-term monitoring studies.
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RESUMO

Um dos principais objetivos de monitorar as florações de 
cianobactérias em ambientes aquáticos é revelar a relação 
entre a abundância de cianobactérias e as variáveis ​​
ambientais. Esses estudos tipicamente correlacionam 
dados coletados simultaneamente. No entanto, as 
amostragens ocorrem esparsamente ao longo do tempo 
e não são capazes de revelar respostas de curto prazo 
na abundância de cianobactérias frente às mudanças 
ambientais. Neste estudo, testamos a hipótese de que 
relações mais fortes entre cianobactérias e variáveis 
ambientais no monitoramento de cianobactérias são 
encontradas quando a variabilidade temporal dos pontos 
de amostragem é incorporada nas análises estatísticas. Para 
isso, nós investigamos as relações entre cianobactérias e 
sete variáveis ​​ambientais que foram amostradas duas 
vezes por ano, durante três anos, em 11 reservatórios, 
e dados de um monitoramento intensivo em um desses 
reservatórios. Relações fracas foram encontradas 
correlacionando dados coletados simultaneamente. 
De fato, o papel “altamente recorrente” do fósforo 
nas florações de cianobactérias não foi devidamente 
observado em todos os períodos de amostragem. Por 
outro lado, coeficientes de correlação mais fortes entre 
fósforo total e cianobactérias foram observados quando 
usamos a variabilidade dos pontos de amostragem. Nós 
também mostramos que as variáveis ambientais explicam 
melhor a densidade de cianobactérias quando um atraso 
é considerado. Nós concluímos que, no monitoramento 
de cianobactérias, a melhor abordagem para revelar os 
determinantes das florações de cianobactérias é considerar 
a variabilidade ambiental. 
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